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A fusion protein comprising a heat shock protein fused 
to a single epitope-containing segment, the epitope/ 
containing segment comprising two or more identical 
epitopes. 

The fusion protein of Claim 1 wherein the heajf shock 
protein is ubiquitin and the fusion proteinyis a 
ubiquitin fusion protein. 

The ubiquitin fusion protein of Claim 2^ wherein the 
epitope-containing segment is fused tra ubiquitin at a 
fusion site selected from the group/ consisting of the 
N- terminus, the C- terminus and an/internal fusion site. 



The ubiquitin fusion protein of Claim 2 wherein the N- 
terminal residue of ubiquitiir is a residue other than 
methionine, and the N- terminal residue other than 



methionine is fused to th 



b/c- 



terminal residue of a 



second, unmodified ubiquitin protein. 

The ubiquitin fusion/protein of Claim 2 wherein the N- 
terminal residue oft ubiquitin is a residue other than 
methionine, and the N- terminal residue other than 
methionine is fi/sed to the C-terminal residue of a C- 
terminal ubiquatin subdomain competent to specify 
cleavage by d ubiquitin- specific protease between the 
C-terminal /residue of the C-terminal ubiquitin 
subdomaiii/and the N-terminal residue other than 
methionine . 



The i&iquitin fusion protein of Claim 5 wherein at 
least one epitope-containing segment is positioned 
bexween the C-terminal residue of the C-terminal 
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ubiquitin subdomain and the N-terminal residue other 
than methionine, and the C- terminus of the C- terminal 
subdomain is modified to inhibit cleavage by a / 
ubiquitin-specif ic protease. / 

The ubiquitin fusion protein of Claim 2 which is post- 
translationally modified by the addition off fatty acids 
to enhance immunogenicity. / 

The ubiquitin fusion protein of Claim/2 wherein the 
epitope-containing segment contains yrrom about 2 to 
about 30 epitopes. / 

The ubiquitin fusion protein of/ Claim 2 wherein the 
identical epitopes are B cell /epitopes. 

The ubiquitin fusion protep of Claim 2 wherein the 
identical epitopes are T >cell epitopes. 



The ubiquitin fusion protein of Claim 2 wherein the 
identical epitopes a^e structural mimics of 
biomolecules . / 

The ubiquitin fusion protein of Claim 2 wherein the 
identical epit<z$pes are microbial epitopes. 

The ubiquitin fusion protein of Claim 2 wherein the 
identical ^epitopes are self epitopes. 

The ubiquitin fusion protein of Claim 2 wherein the 
identical epitopes represent epitopes from the proteins 
selected from the group consisting of gonadotropin 
releasing hormone, tumor necrosis factor, 
immunoglobulins, human immunodeficiency virus proteins, 
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chorionic gonadotrophin, inhibin, growth hormones ar 
sperm proteins. 

15. The ubiquitin fusion protein of Claim 2 wherein ythe 
identical epitopes which comprise the plurality of 
identical epitopes are gonadotropin releasing /normone 
epitopes . 

16. The ubiquitin fusion protein of Claim 2 wherein 
internal fusion sites comprise regions ox ubiquitin 
linking two domain of secondary structure, the two 

fj) domains of secondary structure being /selected from the 

j|j group consisting jS-strand and a-hel^x, 

Q 

H 17. The ubiquitin fusion protein of .Claim 2 wherein the 
q epitope -containing segment is fused to the C-terminus 

hQ of ubiquitin and the C-terminus of ubiquitin is 



u9 



modified to inhibit cleavage of the ubiquitin fusion 



UEi 

p protein by a ubiquitin-sp^'cif ic protease 

18. The ubiquitin fusion protein of Claim 17 wherein the C- 
terminus of ubiquitin'is modified at amino acid 76 




19. The ubiquitin fusion protein of Claim 18 wherein the 
modification at y4mino acid 76 of ubiquitin is a 
substitution of an amino acid selected from the group 
consisting of: alanine, valine, and cysteine for the 
wild-type glycine amino acid residue. 

20. A fusioix protein comprising a heat shock protein fused 
to two^or more non- contiguous epitope -containing 
segments, each epitope -containing segment comprising 
one or more identical or non-identical epitopes. 
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The fusion protein of Claim 20 wherein the heat shock 
protein is ubiquitin and the fusion protein is a / 
ubiquitin fusion protein. / 

The ubiquitin fusion protein of Claim 21 wherein the 
non- contiguous epitope-containing segments ar/ fused to 
ubiquitin at fusion sites selected from the ygroup 
consisting of the N- terminus, the C-terminire and 
internal fusion sites. / 

The ubiquitin fusion protein of Claim 2:1 wherein the N- 
terminal residue of ubiquitin is a residue other than 
methionine, and the N- terminal residue .other than 
methionine is fused to the C-terminal residue of a 
second, unmodified ubiquitin protein. 

The ubiquitin fusion protein yof Claim 21 wherein the N- 
terminal residue of ubiquitin is a residue other than 
methionine, and the N-ternanal residue other than 
methionine is fused to tjie C-terminal residue of a C- 
terminal ubiquitin subdomain competent to specify 
cleavage by a ubiquit/n-specif ic protease between the 
C-terminal residue or the C-terminal ubiquitin 
subdomain and the If-terminal residue other than 
methionine. /) / 

The ubiquitin /fusion protein of Claim 24 wherein at 
least one epitope -containing segment is positioned 
between the/c- terminal residue of the C-terminal 
ubiquitin /subdomain and the N-terminal residue other 
than methionine, and the C- terminus of the C-terminal 
subdomaan is modified to inhibit cleavage by a 
ubiquitin- specif ic protease. 
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27. 



28. 

P 
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29. 

E3 



ru 



31. 



32. 



33. 



34. 



The ubiquitin fusion protein of Claim 21 which is postf- 
translationally modified by the addition of fatty ac/ds 
to enhance immunogenicity. / 

The ubiquitin fusion protein of Claim 21 wherein/ the 
epitope -containing segments contain from about/l to 
about 30 epitopes. / 

The ubiquitin fusion protein of Claim 21 wherein one 
epitope -containing segment contains at l^ast one B cell 
epitope and one T cell epitope. / 

The ubiquitin fusion protein of Claim 21 wherein one 
epitope -containing segments contains at least two B 
cell epitopes. / 

The ubiquitin fusion protein Af Claim 21 wherein one 
epitope -containing segments/contains at least two T 
cell epitopes. a / 



The ubiquitin fusion protein of Claim 21 wherein one or 
more epitopes contained within the epitope-containing 
segments are structural mimics of biomolecules . 

The ubiquitin fusion protein of Claim 21 wherein one or 
more epitopes contained within the epitope-containing 
segments are /microbial epitopes. 

The ubiqud/tin fusion protein of Claim 21 wherein one or 
more epitopes contained within the epitope-containing 
segments are self epitopes. 

The/ubiquitin fusion protein of Claim 21 wherein one or 
more epitopes contained within the epitope-containing 
Segments represent epitopes from the group of proteins 
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selected from the group consisting of gonadotropic 
releasing hormone, tumor necrosis factor, / 
immunoglobulins, human immunodeficiency proteinp, 
chorionic gonadotrophin, inhibin, growth hormones and 
sperm proteins. / 

The ubiquitin fusion protein of Claim 21 wherein one or 
more epitopes contained within the epitope -containing 
segments represent epitopes from gonadotropin releasing 
hormone . / 

The ubiquitin fusion protein of Claftm 21 wherein the 
internal fusion sites comprise regions of ubiquitin 
linking two domain of secondary /structure, the two 
domains of secondary structure >r>eing selected from the 
group consisting j(?-strand and/ or-helix. 

The ubiquitin fusion proteim. of Claim 21 wherein one 
epitope -containing segment comprises a single B-cell 
epitope or a plurality of identical or non- identical B- 
cell epitopes and a second epitope-containing segment 
comprises a single T-jcell epitope or a plurality of 
identical or non- identical T-cell epitopes. 

The ubiquitin f us/on protein of Claim 21 wherein at 
least one epitope -containing segment is fused to the C- 
terminus of ubiquitin and the C-terminus of ubiquitin 
is modified tp inhibit cleavage of the ubiquitin fusion 
protein by af ubiquitin-specif ic protease. 

The ubiquatin fusion protein of Claim 38 wherein the C- 
terminus' of ubiquitin is modified at amino acid 76. 

The upiquitin fusion protein of Claim 21 wherein the 
modification at amino acid 76 of ubiquitin is a 
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substitution of an amino acid selected from the grouto 
consisting of: alanine, valine, and cysteine for thje 
wild-type glycine amino acid residue. / 

A fusion protein comprising a heat shock proteiji fused 
to a single epitope -containing segment comprising two 
or more identical or non- identical epitopes ,/the 
epitope-containing segments being fused to >the heat 
shock protein at fusion sites selected frdm the group 
consisting of the N- terminus and an internal fusion 
site. / 

The fusion protein of Claim 41 wherein the heat shock 
protein is ubiquitin and the fusion protein is a 
ubiquitin fusion protein. / 

The ubiquitin fusion protein or Claim 42 wherein single 
epitope-containing segment contains from about 2 to 
about 30 identical or npn- identical epitopes. 

The ubiquitin fusion protein of Claim 42 wherein the N- 
terminal residue of ubi/quitin is a residue other than 
methionine, and the ^terminal residue other than 
methionine is fused /co the C-terminal residue of a 
second, unmodif ied/abiquitin protein. 

The ubiquitin fusion protein of Claim 42 wherein the N- 
terminal residue of ubiquitin is a residue other than 
methionine, and the N- terminal residue other than 
methionine is fused to the C-terminal residue of a C- 
terminal upiquitin subdomain competent to specify 
cleavage by a ubiquitin-specif ic protease between the 
C-terminal residue of the C-terminal ubiquitin 
subdomain and the N- terminal residue other than 
methionine . 
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46. The ubiquitin fusion protein of Claim 45 wherein 
least one epitope -containing segment is position^ 
between the C- terminal residue of the C-termina] 
ubiquitin subdomain and the N- terminal residua/other 
than methionine, and the C- terminus of the Cvcerminal 
subdomain is modified to inhibit cleavage by a 
ubiquitin-specif ic protease, 

47. The ubiquitin fusion protein of Claim 4^ which is post- 
translationally modified by the addition of fatty acids 
to enhance immunogenicity. 

48. The ubiquitin fusion protein of cXaim 42 wherein the 
epitope -containing segment contains at least one B cell 
and one T cell epitope. 

49. The ubiquitin fusion proteirf of Claim 42 wherein the 
epitope -containing segmeny contains at least two B cell 
epitopes . 

50. The ubiquitin fusion protein of Claim 42 wherein the 
epitope-containing ^egment contains at least two T cell 
epitopes . 

51. The ubiquitin^ fusion protein of Claim 42 wherein the 
epitope-containing segment contains epitopes which are 
structural mimics of biomolecules . 



52. The ubiquytin fusion protein of Claim 42 wherein the 
epitope-containing 
microbial epitopes. 



epitope-containing segment contains epitopes which are 



53 . The /ubiquitin fusion protein of Claim 42 wherein the 

epxtope-containing segment contains epitopes which are 

/ 

felt epitopes. 
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54. The ubiquitin fusion protein of Claim 42 wherein th^ 
epitope-containing segment contains at least one 
epitope from proteins selected from the group 
consisting of gonadotrophin releasing hormone, Tumor 
necrosis factor, immunoglobulins, human 
immunodeficiency virus proteins, chorionic 
gonadotrophin, inhibin, growth hormones and y6perm 
proteins. 
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The ubiquitin fusion protein of Claim 42/wherein the 
epitope-containing segment contains epycopes from 
gonadotropin releasing hormone. 



The ubiquitin fusion protein of Claim 42 wherein the 
internal fusion site comprises a region of ubiquitin 
linking two regions of secondary/structure selected 
from the group consisting of jS-^strand and a-helix. 

The ubiquitin fusion protein/of Claim 42 wherein the 
epitope-containing segment ^contains a single B-cell 
epitope or a plurality of /identical or non- identical B- 
cell epitopes and a second epitope-containing segment 
comprises a single T-cell epitope or a plurality of 
identical or non-identical T-cell epitopes. 



58. A fusion protein comprising a heat shock protein fused 
to a single epitope-containing segment comprising one 
or more identical or non- identical epitopes, the 
epitope -containing segment being fused to the heat 
shock protein/at the N- terminus of the heat shock 
protein. 



59. The fusioii protein of Claim 58 wherein the heat shock 
protein As ubiquitin and the fusion protein is a 
ubiquitzfin fusion protein. 



• 
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60. The ubiquitin fusion protein of Claim 59 wherein the/ 
epitope -containing segment contains from about 1 Jzb 
about 30 epitopes. 

61. The ubiquitin fusion protein of Claim 59 wherein the N- 
terminal residue of ubiquitin is a residue other than 
methionine, and the N- terminal residue oth£r than 
methionine is fused to the C- terminal res/ due of a 
second, unmodified ubiquitin protein. 



62. The ubiquitin fusion protein of Claim/ 59 wherein the N- 

jjj terminal residue of ubiquitin is a residue other than 

*P methionine, and the N- terminal residue other than 

RJ / 

0 



n methionine is fused to the C-terminal residue of a C- 

terminal ubiquitin subdomain cbnipetent to specify 
cleavage by a ubiquitin-specif ic protease between the 



Q 

\Q C-terminal residue of the C-bferminal ubiquitin 

subdomain and the N- terminal residue other than 

m 
P 




methionine . 

63 . The ubiquitin f u&t6n protein of Claim 62 wherein at 
least one epitope -containing segment is positioned 
between the C-terminai residue of the C-terminal 
ubiquitin subdomain And the N-terminal residue other 
than methionine, arid the C- terminus of the C-terminal 
subdomain is modi/ied to inhibit cleavage by a 
ubiquitin-specif/c protease. 

64. The ubiquitin yfusion protein of Claim 59 which is post- 
translationalay modified by the addition of fatty acids 
to enhance /mmunogenicity. 

65. The ubiquatin fusion protein of Claim 59 wherein the 
epitopeVcontaining segment contains at least one B cell 
epitope and one T cell epitope. 

J 
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66. The ubiquitin fusion protein of Claim 59 wherein the 
epitope -containing segment contains at least two $/cell 
epitopes . 

67. The ubiquitin fusion protein of Claim 59 wherein the 
epitope-containing segment contains at least/two T cell 
epitopes . 



ru 



ru 

m 



68. The ubiquitin fusion protein of Claim 5a/wherein one or 
more epitopes contained within the epitope -containing 
segment is a structural mimic of a biomolecule. 

69. The ubiquitin fusion protein of Claim 59 wherein one or 
more epitopes contained within t^fte epitope-containing 
segment is a microbial epitope^ 

70. The ubiquitin fusion proteyi of Claim 59 wherein one or 
more epitopes contained within the epitope-containing 
segment is a self epitop/ 

71. The ubiquitin fusion^rotein of Claim 59 wherein one or 
more epitopes contained within the epitope-containing 
segment represent s/an epitope from the group of 
proteins selected/ from the group consisting of 
gonadotropin releasing hormone, tumor necrosis factor, 
immunoglobulins, human immunodeficiency proteins, 
chorionic gomdotrophin, inhibin, growth hormones and 
sperm proteins, 



72 . The ubicnditin fusion protein of Claim 59 wherein one or 
more epitopes contained within the epitope-containing 
segment represents an epitope from gonadotropin 
releasing hormone. 
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The ubiquitin fusion protein of Claim SB wherein the 
epitope -containing segment contains a /single B-cell 
epitope or a plurality of identical jot non- identical B- 
cell epitopes and a second epitope/containing segment 
comprises a single T-cell epitopes or a plurality of 
identical or non-identical T-c^ll epitopes. 

A DNA construct encoding a ifusion protein of Claims 20, 
41, or 58. / 

A cell containing a DMA construct encoding a fusion 
protein of Claims l,/20, 41 or 58. 

A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 

a) providing a ubiquitin fusion protein comprising 
ubiquitin fused to a single epitope -containing 
segment, the epitope -containing segment comprising 
two or more identical epitopes; and 

b) administering the fusion protein of step a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 

A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 

(a) providing a ubiquitin fusion protein comprising 
ubiquitin fused to two or more non- contiguous 
epitope -containing segments, each epitope- 
containing segment comprising one or more 
identical or non-identical epitopes; and 

(b) administering the fusion protein of step a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 

so 



A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 

(a) providing a ubiquitin fusion protein comprising 
ubiquitin fused to a single epitope-containing 
segment comprising two or more identical or non- 
identical epitopes, the epitope-containing 
segments being fused to ubiquitin at fusion sites 
selected from the group consisting of the N- 
terminus and an internal fusion site; 

(b) administering the fusion protein of step a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 

A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 

(a) providing a ubiquitin fusion protein comprising 
ubiquitin fused to a single epitope-containing 
segment comprising one or more identical or non- 
identical epitopes, the epitope-containing segment 
being fused to ubiquitin at N-terminus of 
ubiquitin; 

(b) administering the fusion protein of step a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 

A method for stimulating an immune response in an 
animal, the immune response^being directed toward a 
fusion protein, the methoja comprising: 

a) providing a Ufih construct encoding a fusion 
protein of cLmMjaJl, 20, 41 or 58; 

b) introducing cne yDNA construct of step a) into the 
cells of the aiaimal under conditions appropriate 
for expression. 
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A ubiquitin fusion protein comprising ubiqj/itin having 
the peptide QHWSYGLRPGQHWSYGLRPGQHWSYGLRPGQHWSYGLRPGC 
fused via its N terminus to the C-terminal residue of 
ubiquitin, the ubiquitin fusion prote/n being cleavable 
by a ubiquitin-specif ic protease, 

The fusion protein of Claim 81 conjugated to an 
immunogenic carrier protein, 

A ubiquitin fusion protetriyromprising ubiquitin having 
the peptide QHWSYGLRPGQHW^YGLRPGQHWSYGLRPGQHWSYGLRPG 
fused via its N terminup to the C-terminal residue of 
ubiquitin, the ubiquifc4n moiety being modified such 
that the ubiquitin fusion protein is non-cleavable by a 
ubiquitin-specif ic/ protease • 

A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 

(a) providing a ubiquitin fusion protein comprising 
ubiquitin having the peptide 

QHWSYGLRPGQHWSYGLRPGQHWSYGLRPGQHWSYGLRPGC fused 
via its N terminus to the C-terminal residue of 
ubiquitin; and 

(b) administering the conjugate of step (a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 

The method of Claim 84 w herein the physiological 
consequences of administration to the animal are 
substantially similar to the consequences of surgical 
castration. 

A method for the identification of antibodies in 
experimental or diagnostic samples, comprising: 
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a) providing a ubiquitin fusion/ protein of selected 
from the group consisting pf ubiquint fusion 
proteins described in Claams 1, 20, 41 and 58; 

b) providing antibodies f^om an experimental or 
clinical source; 

c) forming an incubatioA mixture comprising the 
ubiquitin fusion protein of step a) and the 
antibodies of step b) ; and 

d) detecting bindiM of the antibodies of step b) to 
the ubiquitin yfusion protein of step a) . 

87. A method for reducing levels of a predetermined protein 
in an animal relati/ve to base-line levels, comprising: 

a) providing a utfiquitin fusion protein of selected 
from the group consisting of ubiquitin fusion 
proteins desdribed in Claims 1 , 2 0, 41 and 58 
which contaiij at least one epitope representing an 
epitope from/ the predetermined protein and 

b) administering the fusion protein of step a) to the 
animal under conditions appropriate for the 
stimulation/ of an immune response. 



88. The method of Ccmim 87 wherein the predetermined 
protein is a p<rotideT2>rmone. 

89. The method of Claim 88 wherein the predetermined 
peptide hormone is a male-specific or female-specific 
peptide hormone. 



90. The method on Claim 89 wherein the predetermined 
peptide hormone is gonadotropin releasing hormone, 



91. 



The method 
protein is 



ff Claim 8X-wherein the predetermined 
umor necrosis factor. 
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92. The method of Claim 87 wherein the predetermined 
protein is a growth hormone protein. 

93. The method of Claim 87 wherein the fusion protein is 
conjugated to a non-ubiquitin carrier protein. 



m 



Q 



94. A method for reducing levels of a predetermine protein 
in an animal relative to base-line levels, comprising: 

a) providing a DNA construct encoding a ^biquitin 
fusion protein of selected from the /group 
consisting of ubiquitin fusion proteins described 
in Claims 1, 20, 41 and 58 which /contain at least 
one epitope representing an epitope from the 
predetermined protein; and 

b) introducing the DNA construe^ of step a) into the 
cells of an animal under conditions appropriate 
for the expression and stimulation of an immune 
response . 



95. The method of Claim 94 wherein the predetermined 
protein is a peptide hormone. 



96 . The method of ClaimV95 wherein the predetermined 
peptide hormone ig/a male-specific or female-specific 
peptide hormone, 

97. The method of /Claim 96 wherein the predetermined 
peptide hortpone is gonadotropin releasing hormone, 

98. The methcra of Claim 94 wherein the predetermined 
protein/ is tumor necrosis factor. 



99. The /method of Claim 94 wherein the predetermined 
pr6tein is a growth hormone protein. 



1 
Q 
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100. The method of Claim 94 wherein the fusion protein is 
conjugated to a non-ubiguitin carrier protein. 



